Computational fluid dynamics calculations have been performed for a multibody system consisting of a main projectile and three sabot components. Numerical flow field computations have been made for various orientations and locations of sabots using an unsteady, zonal NavierStokes code and the Chimera composite grid discretization technique atM.. 
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Introduction
During the gun-launch process of modern fin-stabilized kinetic energy projectiles, sabots are utilized to reduce in-bore balloting and smoothly carry the projectiles in the gun tube. Once free of the gun tube, the sabot components must be discarded to reduce the drag of the round. Good sabot separation is important to obtain a repeatable launch and flight of the projectiles. It has been demonstrated [1] that aerodynamic interference during the launch process can adversely affect the projectile trajectory and increase on-target dispersion. Mechanical interference during the sabot separation can also alter the projectile trajectory and may lead to unacceptable loss of accuracy at the target. The aerodynamic interference of the projectile and sabot flow field is quite complex (see 
1
The sabot discard aerodynamics have been studied both theoretically and experimentally over the past few decades. Initial analytical modeling efforts [2] were empirical and based on Newtonian flow approximations. Although not general, this technique accurately modeled the flow in some cases. A more recent extension [3] of this modeling effort included an integrated flow element approach that utilized local shock/expansion procedures based on actual experimentally measured sabot surface pressures. Again, these analytical modeling techniques have their limitations, and in general, these theories cannot completely represent the complex flow fields associated with the interaction of the projectile and sabot flow fields.
An extensive experimental program [ 4, 5] was carried out in 1981 to study the aerodynamics of sabot discard. Surface pressures were obtained experimentally on a generic configuration consisting of a projectile and three sabot components. The experimental test results showed regions of shock/boundary-layer interactions and separated flow regions. Recently, another experimental study [ 6] was conducted that included detailed pressure measurements on a generic cone-cylinder projectile as well as ·a full-scale model of the C-76 projectile. The generic configuration was chosen to provide calibration for computational fluid dynamics (CFD) modeling efforts. As pointed out earlier, the projectile and sabot interacting flow field is quite complex with 3-D shock/boundarylayer interactions and regions of separated flow. The CFD modeling technique is an emerging tool which can account for these 3-D interactions. Recent papers [6] [7] [8] show a rise in the use of CFD to accurately predict such flow fields. Often, the computed results are found to be in good agreement with the experimental data. These computational studies have provided enhanced understanding of the complex interacting flow fields; however, they used a steady-state approach. Research presented in this report emphasizes the use of an advanced CFD capability that can compute both steady-state and time-dependent sabot discard aerodynamics.
The advanced CFD capability used here solves the Navier-Stokes equations [9] and incorporates the Chimera technique [1 0-13] . The Chimera technique involves generating independent grids about each component and then oversetting them onto a base grid to form the complete model. With this composite overset grid approach, it is possible to use different grid topologies for the projectile and the sabot components, respectively. A complete model of the multibody system is thus made, and 2 the sabot discard aerodynamics can then be determined. Numerical flow field computations have been made f6r the projectile and sabot multibody system at a supersonic speed for symmetric sabot discard. Computed results have been compared with the experimental data [6] obtained for the same configuration and flow conditions.
Solution Technique

Governing Equations.
The complete set of 3-D, time-dependent, generalized geometry, Reynolds-averaged, thin-layer Navier-Stokes equations is solved numerically to obtain a solution to this problem and can be written in general spatial coordinates e. TJ, and' as follows [14] : (1) In Equation 1, q contains the dependent variables: density, three velocity components, and energy.
The thin-layer approximation is used here, and the viscous terms involving velocity gradients in both the longitudinal and circumferential directions are neglected. The viscous terms are retained in the normal direction, C. and are collected into the vector S. These viscous terms are used everywhere.
Numerical
Technique. The implicit, approximately factored scheme for the thin-layer Navier-Stokes equations using central differencing in the 11 and C directions and upwinding in ~ is written in the following form [ 14] :
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Boundary Conditions.
For simplicity, most of the boundary conditions have been imposed explicitly [9] . An adiabatic wall boundary condition is used on the body surface, and the no-slip boundary condition is used at the wall. The pressure at the wall is calculated by solving a combined momentum equation. Free-stream boundary conditions are used at the inflow boundary as well as at the outer boundary. A symmetry boundary condition is imposed at the circumferential edges of the grid, while a simple extrapolation is used at the downstream boundary. A combination of symmetry and extrapolation boundary condition is used at the center line (axis). Since the freestream flow is supersonic, a nonreflection boundary condition is used at the outer boundary. The outer boundary of the sabot grid completely lies within the background projectile grid and, thus, gets its flow field information interpolated from the projectile grid.
Model Geometry and Computational Grid
An advantage of the Chimera technique is that it allows computational grids to be obtained for each body component separately and, thus, makes the grid generation process easier. 
Results
Ste~dy-state numerical calculations have been petformed to numerically simulate the projectile and the sabot system. All computations have been mn atM .. = 4.0 and for the same test conditions corresponding to the Canadian experiments [6] . Computational modeling is restricted to the symmetric sabot discard. Here, the projectile is at zero degrees angle of attack and three sabots are 6 discarded symmetrically following the same radial trajectory away from the projectile. Figure 4 shows a schematic diagram of the projectile and the sabot system. Since symmetric sabot discard is of interest here, the computational domain consists of a 60° segment, as shown in Figure 4 . Also shown is the sabot grid, which is entirely contained in the background projectile grid. Because of symmetry, the requirements for grid sizes, computer resources such as computer memory, and run time are reduced. Initially, a converged result for the sabot at 25° angle of attack was obtained. Figure 5 The next set of computed results corresponds to the BS, BlO, and B15 cases. These three cases correspond to sabot angles of attack of so, 10°, and 15°. The projectile is at zero degrees angle of attack for all these cases. As stated earlier, the background grid for the projectile remains the same.
The sabot grids again are the same but have been moved to the new positions and orientations. Grid clustering/alignment in the nose region of the sabot may be needed to improve the accuracy of the numerical solution for this case. Similar experience has been noted by other researchers [6] . For X/D > 7, the agreement of the computed surface pressures with the data is very good even for the 5 • angle of attack case. For this case, there is a secondary pressure rise near XID = ll, which results from the reflected shock impinging on the underside of the sabot. This predicted pressure rise matches very well with the experimental data. As the sabot angle of attack is increased, the secondary pressure rise is reduced until it is eliminated at the 15 • sabot angle of attack. The agreement of the computed sabot surface pressures with the data is good at angle of attack of 1 o• and 1s•. Figure 9 shows the surface pressure distributions on the projectile in the pitch plane.
Computed results are shown in solid line and are compared with the experimental data shown in dark circles for 5 •, 10 •, and 15 • degree sabot angles of attack. As seen in this figure, the surface pressure is almost conStant on the nose, which is followed by a pressure drop at the cone-cylinder junction.
This computed pressure drop at the cone-cylinder junction agrees well with the data at the 15• sabot angle of attack; however, at lower angles of attack, the agreement is not so good. The predicted flow on the nose of the projectile corresponds to an undisturbed flow upstream of the shock impingement point. Clearly, the numerical results do not show the same extent of shock~boundary layer interactions observed experimentally. Similar results are also -seen in the DREV CFD predictions [ 6] . A large pressure increase due to shock wave impinging on the projectile surface is seen in both computed and experimental data. The locations of the pressure peaks have been predicted correctly and agree well with the data. The magnitudes of the peak are, however, slightly underpredicted. Additionally, a secondary small peak is observed in the experimentally obtained surface pressure near XID = 11 for the s• case, which is not seen in the computed surface pressures. 14 ' '""' ''''""'
Concluding Remarks
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Computational fluid dynamics calculations have been performed for a multibody system consisting of a main projectile and three sabot components. Numerical flow field computations have been made for various orientations and locations of sabots using an unsteady, zonal Navier-Stokes code and the Chimera composite grid discretization technique at M.. 
